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The establishment of ECAs is an important policy measure to effectively reduce the 
emission of air pollutants from ships. Based on this, China has also established 
DECAs. However, there are still many problems in China’s DECA. At the same time, 
the establishment of ECAs also has a certain impact on shipping industries. 
This paper analyzes the characteristics and existing problems of China's DECAs 
through literature research and comparative research between international ECAs and 
China's DECAs, and proposes policy recommendations for China's DECAs. Based 
on the analysis of the impact of the ECAs on the shipping market and related 
industries, the current mainstream emission reduction control technologies are 
studied, and relevant suggested options are proposed. 
The main research results of this paper are to put forward policy recommendations 
for China’s DECAs, and point out that appropriate emission reduction technologies 
are the best choice to deal with ECA policies. It is proposed that open-loop scrubbers 
and SCR technologies are priority to control SOx and NOx emissions. This paper is 
also intended to provide shipping companies with rationalized measures in response 
to ECA policies and emission reductions. 
Key words: ECA; Supervision proposals; Influence and countermeasures; Emission 
reduction technology options. 
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CHAPTER 1 Introduction 
1.1 Background 
1.1.1 Ship Emission and Its Hazards 
Shipping is the cornerstone of the global economy. In the era of economic 
globalization, about 90% of the world's trade is realized by shipping. Among all 
forms of transportation, maritime transportation is the most green, low-carbon and 
environmentally friendly one. However, due to the large engine power of ships, the 
poor oil quality, the large number of ships and the huge weight of cargo carried by 
ships, the problem of ship emission pollution brought by ships cannot be ignored. 
Environmental problems caused by ship emissions have been paid more and more 
attention, and emission control area has also become an increasingly hot research 
topic. Air pollutants discharged by ships mainly include particulate matter (PM), 
sulfur oxides (SOx) and nitrogen oxides (NOx). Compared with other road pollutant 
sources like motor vehicles, ocean-going ships mainly use residual oil (usually 
known as heavy oil). Marine fuel oil is characterized by high sulfur content, high 
viscosity, and high heavy metal content. In particular, the sulfur content is much 
higher than that of ordinary diesel oil, which directly exacerbates the emissions of 
SO2 and PM. 
The UNEP pointed out in April 2017 that air pollution has become the biggest killer 
of human health, causing nearly 6.5 million deaths each year (UNEP,2017). 
According to statistics, nine out of ten people in the world breathe polluted air every 
day. In 2019, the WHO listed air pollution as the biggest environmental problem for 
health (WHO, 2019), and ship emissions are an important source of air pollution. 
Statistics from the Shenzhen MSA show that ocean-going vessels entering and 
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leaving Shenzhen Port in 2012 emitted approximately 16,000 tons of SOx per year, 
accounting for 65.8% of Shenzhen’s total emissions and it has become the largest 
source of SO2 emission in the city. Statistics from the Motor Vehicle Emission 
Monitoring Center of the Ministry of Environmental Protection of China show that in 
2013, the total emissions of SOx and NOx from ships berthed at Chinese ports 
accounted for 8.4% and 11.3% of the national total emissions (Website, 2015). A 
large number of ship emissions are bound to cause great harm to human health and 
the ecological environment. 
First, ship emissions cause serious health problems. PM2.5 in ship exhaust can cause 
serious cardiopulmonary diseases such as asthma, lung cancer, and bladder cancer 
(Corbett, et al., 2007). Pollutants such as NO2, SO2 and ozone emitted by ships also 
can cause diseases such as asthma and stroke (Monographs, 2012). Studies have 
quantified the number of premature deaths caused by these diseases. In 2001, the 
number of premature deaths caused by cardiopulmonary diseases caused by PM2.5 
emissions from ships reached 60,000 worldwide, of which 15,000 died prematurely 
in East Asia (including China, Japan, and South Korea) (Liu, et al., 2016). In the 
Pearl River Delta region of China, more than 1,600 premature deaths were caused by 
ocean vessel emissions in 2008 (Lai, et al.,2013). According to the study, the 
premature death toll caused by ocean vessel emissions in East Asia in 2013 is about 
14500-37,500 (Liu, et al., 2016). The research by Liu et al. (2016) also pointed out 
that the more densely populated areas and frequent ship activities are, the more 
serious the health problems caused by ship emissions will be. 
Secondly, ship emissions cause damage to the ecological environment. SOx and NOx 
emissions from ships settle in the atmosphere, leading to acid rain, soil acidification 
and nitrogen enrichment, etc. (Greaver, et al., 2012). The contribution of ship 
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emissions to sulfur and nitrogen deposition should not be ignored, especially in  
areas where ships are dense and frequent. In Europe, for example, emissions from 
ships have resulted in a 15% increase in sulfate and nitrate deposition (Collins, et al., 
2009). Ship emissions also have a great impact on climate change. On the one hand, 
the large amount of CO2 emitted by ships promotes the trend of global warming. On 
the other hand, NOx emissions from ships will increase the content of greenhouse 
gases and ozone, respectively, but reduce the methane content, resulting in a complex 
climate effect (Fuglestvedt, et al., 2009). 
1.1.2 Emission Control Area policy 
The 1997 Protocol to the MARPOL Convention was adopted at the Conference of 
States Parties to the MARPOL Convention in September 1997, adding Annex VI, 
Regulations for the Prevention of Air Pollution from Ships, which entered into force 
on 19 May 2005. The conference also agreed on a proposal to designate the Baltic 
sea as a SOx emission control area where the sulfur content of marine fuel is no more 
than 1.5% (up to 4.5% outside the control area), and it was requested that MEPC 
continue its consideration of designating the North Sea area as a SOx emission 
control area (Report, 1997). For the first time, the ECA came into view. Since then, 
IMO has successively designated other SOx and NOx ECAs. ECA has become one 
of the most widely applied and effective measures for ship emissions control in the 
world (Simon, 2013). 
In December 2015, China set up three domestic emission control areas (DECA) for 
controlling air pollution for the first time (MoT China, 2015). However, there are 
obvious differences in the establishment procedures, geographical scope, and control 
requirements of the DECA and the international ECA. In December of 2018, based 
on the DECA plan of 2015, China expanded the scope of DECAs, established coastal 
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ECA and inland river ECA (MoT China, 2018), formulated more stringent emission 
standards, and put forward the requirements for the use of trans-shore power.  
The ECA has played a great role in controlling ship emissions and preventing 
environmental pollution. It also has a profound impact on the shipping market and 
related shipbuilding and fuel industries. Shipping companies have to take 
corresponding countermeasures to meet control requirements, while minimizing 
costs, and strive for more market benefits. 
The establishment of DECAs in China is relatively late, and there are still some 
problems in the legal framework and daily supervision. How to learn from the 
advanced experience of international ECAs in supervision and improve the 
implementation effect of China's DECAs is an urgent problem to be studied. For 
shipping companies, in the face of more and more ECAs and stricter emission 
reduction policies, it is obviously of great practical significance to choose the 
appropriate method among numerous management countermeasures and emission 
reduction technologies.  
1.2 Research Status at Home and Abroad 
1.2.1 Research Status of ECAs Abroad 
There are many studies on ECAs abroad, but they mainly focus on the emission 
control of SOx. Lindstad et al. (2013) analyzed the effect of slowing steaming on 
emission reduction based on different sea conditions and freight market conditions. 
Doudnikoff and Lascoste (2014) analyzed the emission reduction effects of different 
sailing speeds inside and outside the SOx ECAs, and whether high-speed sailing 
outside the SOx ECAs will increase CO2 emissions. Fagerholt et al. (2015) proposed 
three methods to meet the SOx emission requirements of ECAs. Fagerholt and 
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Psaraftis (2015) proposed an optimization model to minimize the operating costs of 
ships sailing along a specific port sequence. Psaraftis (2016) studied the combination 
of ship sailing speed and route optimization under ECA policy, and also discussed 
some limitations of reducing the speed to achieve emission reduction. Based on some 
European ports in the emission control area, Chang et al. (2018) discussed whether 
the ECA policy will affect port efficiency. The conclusion was that the ECA policy 
may harm port efficiency, reflecting the concerns of policy makers and industry 
managers. The author also calculated the average efficiency loss. 
1.2.2 Research Status of ECAs in China 
The focus of domestic research on ECAs is the establishment of emission control 
inventories. Shang (2017), explored a method for forecasting ship emissions based 
on port throughput from the perspective of shipping dynamics according to the 
relevant statistical data of my country’s port throughput, and predicted the 
cost-benefit relationship of the ECAs in China. Prior to this, Song (2014) obtained 
the port ship flow and the actual sailing state date of ships by investigating the ships 
entering and leaving the port and combining the data of the port AIS system, and 
then calculated the total emissions of Shanghai port. Li et al. (2016) successively 
established a ship emission inventory in the Pearl River Delta region. In 2016, Fan et 
al. (2016) established the 2010 emission inventory for the Yangtze River Delta and 
sea areas 400 nautical miles offshore the East China Sea. In 2016, Xing et al. (2016) 
obtained the ship list of 2014 in Beijing-Tianjin-Hebei region by using AIS data and 
ship database of CCS, and calculated the ship emissions of all major ports in the 
Bohai Rim region. In terms of the supervision of ECAs and energy conservation and 
emission reduction, Li (2016) introduced the origin and main content of China's 
DECAs. Peng (2016) analyzed the characteristics and problems of China's DECAs, 
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and pointed out that China's DECAs should limit NOx emissions of foreign-flagged 
ships. However, current research in China lacks the impact of ECAs on the shipping 
industry, and there is also a lack of discussion on specific countermeasures and 
emission reduction measures. 
1.3 Paper Structure 
Chapter 1 introduces the background of the establishment of the ship ECA, mainly 
including the specific situation of ship emissions and its hazards, as well as the 
current status of the ECA policy, and draws the significance of this paper. 
Chapter 2 combs the development process of the international ECA policy in detail, 
and introduces the implementation and effect of the four international ECAs 
approved by IMO, the EU ECA and the California ECA of the United States.  
Chapter 3 discusses the scope and main content of China's DECAs in 2015 and 2018, 
as well as the implementation effects achieved. 
Chapter 4 compares and analyzes the characteristics and existing problems of China's 
DECAs by studying the advanced regulation practices of North American ECAs and 
European ECAs. In this chapter, the author puts forward policy suggestions on 
China's DECAs from five aspects, such as strengthening supervision, proposing 
encouragement and incentive measures, and establishing IMO-recognized 
international ECAs. In addition, the impact of the ECAs on shipping-related 
industries is studied, and the control measures for SOx and NOx emissions are 
proposed. Based on the current mainstream emission reduction technology, 
open-loop sea water desulfurization device and SCR technology are respectively 
proposed as the recommended options for controlling SOx and NOx. 
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Chapter 5 reviews the problems and objectives of the research in this paper, 
summarizes the recommendations for the daily supervision and development of 
China's DECAs, and draws emission reduction measures suitable for shipping 
companies to respond to ECA policies. 
1.4 Research Methods 
1. Literature research. Through a large number of references to relevant international 
conventions, laws and regulations, the origin and development of international ECAs 
and China's DECAs are clarified, and the characteristics and existing problems of 
China's DECAs are analyzed. 
2. Comparative research. By comparing the establishment procedures and legal status 
of China's DECAs with those of international ECAs, the problems of China's DECAs 
arise. By comparing the supervision measures of North American and European 
ECAs, we put forward supervision recommendations for China's DECAs. 
3. Countermeasures study. We studied the impact of ECA policies on shipping 
market and related industries, put forward relevant countermeasures, and combine 
them with the current international mainstream SOx and NOx emission reduction 







CHAPTER 2 Implementation of International Emission Control Areas 
2.1 Development of ECA Policies 
As for the impact of ship emissions on the air environment, the IMO Marine 
Environmental Protection Committee (MEPC) officially started the discussion and 
deliberation on the issue of preventing air pollution caused by ships as early as 1988. 
The 1997 Protocol to the MARPOL Convention was adopted at the Conference of 
States Parties to the MARPOL Convention in September 1997, adding a 
supplementary VI, Regulations for the Prevention of Air Pollution from Ships, which 
entered into force on 19 May 2005. The Meeting also agreed on a proposal to 
designate the Baltic sea as a SOx ECA with a sulfur content of no more than 1.5% 
for marine fuel within the control area (and no more than 4.5% outside the control 
area), and requested the MEPC to continue its consideration of designating the North 
Sea as a SOx ECA. The Baltic Sea ECA came into effect on 19 May 2006, one year 
after MARPOL Annex VI came into force (IMO, 1997). 
In July 2005, the 53rd meeting of the IMO MEPC was held in London. This meeting 
approved an amendment to MARPOL Annex VI, and designated the North Sea area 
as a Sox emission control area. The amendment entered into force on November 21, 
2006. The North Sea ECA was officially implemented on November 21, 2007 one 
year later (IMO, 2005). 
At that time, the above two ECAs required ships to use low-sulfur fuel oil with a 
sulfur content of less than 1.5% or use an approved exhaust gas filtration system or 
any other technical method. 
On October 10, 2008, at the 58th meeting of MEPC, IMO adopted the MARPOL 
73/78 Convention Annex VI 2008 amendment with resolution MEPC.176(58), and it 
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became mandatory on July 1, 2010. The amendment requires that, starting from July 
1, 2010, fuel with a sulfur content of no more than 1.00% m/m should be used in the 
ECAs, and from January 1, 2015, the fuel should be used with a sulfur content of no 
more than 0.10% m/m Fuel (IMO, 2008). 
At the 60th MEPC meeting on March 26, 2010, the MARPOL 73/78 Convention 
Annex VI amendment approved by the IMO with resolution MEPC.190(60), which 
came into effect on August 1, 2011. The amendment added North American waters as 
a NOx and SOx emission control area. After a one-year exemption period, the ECA 
was officially implemented on August 1, 2012 (IMO, 2010). 
At the 62nd MEPC meeting held on July 15, 2011, IMO adopted the amendment to 
annex VI of the MARPOL 73/78 Convention by resolution MEPC.202(62). The 
amendment, which went into effect on January 1, 2013, designated a new NOx and 
SOx emission control area in the U.S. Caribbean. After a one-year exemption period, 
the U.S. Caribbean ECA was formally implemented on January 1, 2014 (IMO, 2011). 
At the 71st MEPC meeting in July 2017, IMO adopted the amendment of Annex VI 
of MARPOL73/78 by resolution MEPC.286(71), and designated the Baltic Sea and 
the North Sea as NOx emission control areas. Vessels built on or after 1 January 
2021 and operating within the Baltic or North Sea Emission Control Areas will need 
to meet the standards of NOx Tier III (IMO, 2017). 
2.2 Situation of International ECAs 
At present, in addition to China, there are 6 major international ECAs. Among them, 
the Baltic Sea, North Sea, North American and U.S. Caribbean Seas are approved by 
IMO. The European Seas ECA and the United States California ECA was established 
by the European Union and the United States. The implementation time and control 
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content of the ECAs established by IMO are shown in Table 1, and the location and 
scope diagram are shown in Figure 1 (the blue blocks are the Baltic Sea and North 
Sea areas; the green blocks are North America and the U.S. Caribbean Sea area). 
Table 1- Implementation time and control content of IMO ECAs 








1 Baltic Sea May 19,2006 SOx NOx to be controlled for 
the ship built on and after 
January 1, 2021. (Tier III) 2 North Sea Nov.22,2007 SOx 
3 North American Aug.1,2012 
SOx、NOx、
PM 
NOx controlled for the 
ship built on and after 










Figure 1- Schematic diagram of location and scope of emission control area 
Source: Wang. (2017). Brief introduction on ship emission control area of foreign countries. 
China Maritime Safety, No.9, 2017. 
2.2.1 Baltic Sea ECA 
The Baltic Sea is the first SOx ECA approved by the IMO, which came into effect on 
May 19, 2006. This area refers to the Baltic Sea itself, as well as the Gulf of Bothnia, 
the Gulf of Finland, and the entrance to the Baltic Sea. It is bounded by 57°44.8' 
north latitude at the Cape Skajjan in the Skagerrak Strait. Before July 1, 2010, fuels 
with a sulfur content of no more than 1.00% m/m can be used, and from January 1, 
2015, fuels with a sulfur content of no more than 0.10% m/m should be used. In 
addition, if the ship uses an exhaust gas cleaning system that has the same effect as 
low-sulfur fuel, the requirement for low-sulfur fuel can be exempted. In July 2017, at 
the 71st MEPC meeting, the Baltic Sea was designated as a NOx ECA. 
2.2.2 North Sea ECA (Including English Channel) 
The North Sea area is the second SOx ECA approved by the IMO, which was 
officially implemented on November 21, 2007. This area refers to the North Sea 
itself, including the sea areas within the following limits: 
(A) North Sea waters south of 62°N latitude and east of 4°W longitude; 
(B) Skagrak Sea Gorge, south to Skajan Cape at 57°44.8′ northeast latitude; 
(C) The English Channel and its entrances east of 5° west longitude and 48°30' north 
latitude. 
According to the Annex VI of the MAPROL Convention, since July 1, 2010, ships 
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traveling to this area should use fuel oil with a sulfur content of no more than 1.00% 
m/m, and from January 1, 2015, they should use a fuel with a sulfur content of no 
more than 0.10 % m/m of fuel. In addition, if the ship uses an exhaust gas cleaning 
system that has the same effect as low-sulfur fuel, the requirement for low-sulfur fuel 
can be exempted. 
In July 2017, at the 71st MEPC meeting, North Sea was designated as a NOx ECA. 
2.2.3 North American ECA 
The North American ECA is a SOx and NOx ECA approved by the  IMO, which 
was officially implemented on August 1, 2012. This area is located near the coasts of 
the United States and Canada and includes the following sea areas: 
(A) Sea areas off the Pacific coast of the United States and Canada; 
(B) The sea areas off the Atlantic coast of the United States, Canada, and France 
(Saint-Pierre Miquelon) and the Gulf of Mexico in the United States; 
(C) Hawaii, Maui, Oahu, Molokai, Nihowa, Kauai, Lanai, and other sea areas off the 
coast of Hawaiian Islands. 
According to the Annex VI of the MAPROL Convention, since August 1, 2012, ships 
traveling into the area should use fuel oil with a sulfur content of no more than 
1.00% m/m, and from January 1, 2015, they should use a fuel with a sulfur content of 
no more than 0.10 %m/m of fuel. In addition, if the ship uses an exhaust gas cleaning 
system that has the same effect as low-sulfur fuel, the requirement for low-sulfur fuel 
can be exempted. Regarding NOx emissions, the MAPROL Convention stipulates 
that, starting from January 1, 2016, ships traveling into the area should use marine 
13 
 
diesel engines that meet the "Tier III" standard specified in Regulation 13 of 
MARPOL Annex VI. 
2.2.4 U.S. Caribbean ECA 
The U.S. Caribbean Emission Control Area is a SOx and NOx emission control area 
approved by IMO. The area is located near the Atlantic and Caribbean coasts of 
Puerto Rico and the U.S. Virgin Islands. According to the Annex VI of the MAPROL 
Convention, since January 1, 2014, ships traveling into the area should use fuel oil 
with a sulfur content of not more than 1.00% m/m, and from January 1, 2015, they 
should use a fuel with a sulfur content of not more than 0.10%m/m of fuel. In 
addition, if the ship uses an exhaust gas cleaning system that has the same effect as 
low-sulfur fuel, the requirement for low-sulfur fuel can be exempted. Regarding 
nitrogen oxide emissions, the MAPROL Convention stipulates that from January 1, 
2016, ships traveling into the area should use marine diesel engines that meet the Tier 
III standard specified in Regulation 13 of MARPOL Annex VI. 
2.2.5 European Sea ECA 
The European ECA was established by the European Union through legislation and 
was officially implemented in January 2010. This area covers all EU ports, but does 
not include the Azores, Madeira, and Canary Islands. According to European Union 
regulations (EU Low Sulphur Directive 2005/33/EC, 82/714/EEC, etc.), since 
January 1, 2010, member states should ensure that the mooring (including mooring 
and anchoring) time at EU ports exceeds 2 hours ships using fuel oil with a sulfur 
content of no more than 0.10% m/m (not applicable to ships using shore power 
during berthing). In addition, if a ship uses fuel such as LNG or adopts other 
emission reduction measures to make its SOx emissions equivalent to using 
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low-sulfur fuel oil, EU member states can allow the ship to exempt the low-sulfur 
fuel oil requirement. Regarding NOx, ships in the waters (including coastal and 
inland rivers) under the jurisdiction of EU countries should implement the NOx 
emission limit requirements of EU Phase 4 and Phase 5 in January 2014 and January 
2019, respectively. 
2.2.6 California ECA 
The California ECA (Figure 2) was established by the California Air Resources 
Commission and officially opened in August 2012. This area covers 24 nautical 
miles off the coast of California, the United States, ports, and some islands. 
According to the California Code of Regulation Titles 13 and 17, from August 1, 
2012, ships traveling into this area should use marine diesel or diesel oil with a sulfur 
content of no more than 1.00% m/m. For marine diesel with a sulfur content of no 
more than 0.50% m/m, starting from January 1, 2014, marine diesel oil with a sulfur 
content of no more than 0.10% m/m shall be used. The exhaust gas cleaning system 
is not accepted as an equivalent treatment method for low-sulfur fuel in this area. 
Regarding NOx, since January 1, 2009, ships in the waters under the jurisdiction of 
the United States shall implement the NOx emission limit requirements specified in 
the MARPOL Annex VI Regulation 13 Tier III, and from January 1, 2014, 
commercial diesel engines should implement the NOx emission limit requirements 




Figure 2- Schematic diagram of the California Emission Control Area 
Source: Wang. (2017). Brief introduction on ship emission control area of foreign countries. 
China Maritime Safety, No.9, 2017. 
2.3 Implementation Effect of International ECAs 
According to the Research Report on the Establishment of Ship Emission Control 
Areas in North America (USEPA, 2010) issued by the U.S. Environmental Protection 
Agency (EPA): By 2020, compared with the regions that have not established ECAs, 
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ships in the regions that have established North American ECA, NOx, fine 
particulate matter and SOx were reduced by 320,000 tons, 90,000 tons, and 920,000 
tons, respectively, down 23%, 74%, and 86%. As a result, the United States and 
Canada reduced 14,000 premature deaths and nearly 5 million people with 
respiratory illnesses. By 2020, the total cost of setting up a North American ECA will 
be approximately US$3.2 billion, but the United States alone will reduce health 
expenditures due to the establishment of the North American ECA as high as US$110 
billion (excluding health expenditure of Canada due to the establishment of North 













CHAPTER 3 Implementation of China’s Domestic Emission Control Areas 
3.1 2015 China’s DECAs 
On December 4, 2015, the Ministry of Transport (MoT) of China issued the 
Implementation Plan on Domestic Emission Control Areas in Waters of the Pearl 
River Delta, the Yangtze River Delta and Bohai Rim (Beijing, Tianjin, Hebei) (MoT 
China, 2015) (hereinafter referred to as the 2015 DECA Plan). For the first time, 
three air emission control areas for ships have been established to control the 
emissions of SOx, NOx and PM from ships. 
3.1.1 The Scope of 2015 DECAs  
In the waters of the Pearl River Delta, the emission control area (Figure 3) is the sea 
area within the line of six points (A-F) in the figure, that is, the joining point of 
coastlines of Huizhou and Shanwei, the point where the seaward extension of 12 
nautical miles from Zhentouyan terminates, the point where the seaward extension of 
12 nautical miles from Jiapengliedao terminates, the point where the seaward 
extension of 12 nautical miles from Weijiadao terminates, the point where the 
seaward extension of 12 nautical miles from Dafanshi terminates, the joining point of 
coastlines of Jiangmen and Yangjiang. The inland waters cover navigable waters of 
inland rivers within administrative jurisdiction 9 cities including Guangzhou, 
Dongguan, Huizhou, Shenzhen, Zhuhai, Zhongshan, Foshan, Jiangmen, and 
Zhaoqing. Among them, the core port areas in the DECA are the ports of Shenzhen, 






Figure 3- The Pearl River DECA 
Source: MoT China. (2015). Implementation Plan on Domestic Emission Control Areas in Waters 
of the Pearl River Delta, the Yangtze River Delta and Bohai Rim (Beijing, Tianjin, Hebei). 




In the waters of the Yangtze River Delta, the emission control area (Figure 4) is the 
inner waters of the following ten points: The joining point of coastlines of Nantong 
and Yancheng, The point where the seaward extension of 12 nautical miles from 
Waikejiao terminates, The point where the seaward extension of 12 nautical miles 
from Sheshandao terminates, the point where the seaward extension of 12 nautical 
miles from Haijiao terminates, the point where the seaward extension of 12 nautical 
miles from Dongnanjiao terminates, the point where the seaward extension of 12 
nautical miles from Liangxiongdiyu terminates, the point where the seaward 
extension of 12 nautical miles from Yushanliedao terminates, the point where the 
seaward extension of 12 nautical miles from Taizhouliedao terminates, the point 
where the seaward extension of 12 nautical miles from the joining point of coastlines 
of Taizhou and Wenzhou terminates, the joining point of coastlines of Taizhou and 
Wenzhou. The scope of inland waters is the navigable waters of 16 cities in the 
administrative jurisdiction of Nanjing, Zhenjiang, Yangzhou, Taizhou, Nantong, 
Changzhou, Wuxi, Suzhou, Shanghai, Jiaxing, Huzhou, Hangzhou, Shaoxing, 
Ningbo, Zhoushan and Taizhou. Among them, the core port areas in the DECA are 




Figure 4- The Yangtze River Delta DECA 
Source: MoT China. (2015). Implementation Plan on Domestic Emission Control Areas in Waters 
of the Pearl River Delta, the Yangtze River Delta and Bohai Rim (Beijing, Tianjin, Hebei). 
Ministry of Transport, China, 2015. 
In the Bohai Rim (Beijing-Tianjin-Hebei), the DECA (Figure 5) is the sea area within 
the line of the junction of the Dalian Dandong mainland coastline and the Yantai 
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Weihai mainland coastline. The scope of inland waters is the navigable waters of 
inland rivers within the administrative jurisdictions of 13 cities including Dalian, 
Yingkou, Panjin, Jinzhou, Huludao, Qinhuangdao, Tangshan, Tianjin, Cangzhou, 
Binzhou, Dongying, Weifang and Yantai. Among them, the core port areas in the 
DECA are Tianjin, Qinhuangdao, Tangshan, and Huanghua ports. 
 
Figure 5- The Bohai Sea water DECA 
Source: MoT China. (2015). Implementation Plan on Domestic Emission Control Areas in Waters 
of the Pearl River Delta, the Yangtze River Delta and Bohai Rim (Beijing, Tianjin, Hebei). 
Ministry of Transport, China, 2015. 
22 
 
3.1.2 The Content of 2015 DECA Plan 
1. Starting from January 1, 2016, ships shall strictly comply with the current 
international conventions and the domestic laws and regulations on the emission 
control requirements of SOx, NOx and PM. Under appropriate circumstances, the 
ports within the DECAs may impose higher requirements including requiring vessels 
to use fuel of not more than 0.5% m/m sulfur content while berthing.  
2. Starting from January 1, 2017, ships berthing in the core port area of the DECAs 
(except for one hour after docking and one hour before departure) should use fuel oil 
with a sulfur content of no more than 0.5% m/m. 
3. Starting from January 1, 2018, ships shall use fuel oil with a sulfur content of no 
more than 0.5% m/m during berthing at all ports in the DECAs. 
4. Starting from January 1, 2019, ships entering the ECAs should use fuel oil with a 
sulfur content of no more than 0.5% m/m. 
5. Before December 31, 2019, evaluate the implementation effects of the above 
measures and determine whether to take the following actions: 
1) Ships entering the ECAs use fuel oil with a sulfur content of no more than 0.1% 
m/m; 
2) Expand the geographic scope of the DECAs; 
3) Other further measures. 
6. Ships can take alternative measures equivalent to the above emission control 




3.2 2018 China’s DECAs 
In December 2018, the MoT of China issued the Implementation Scheme of the 
Domestic Emission Control Areas for Atmospheric Pollution from Vessels (MoT 
China, 2018) (Short in 2018 DECA Scheme). Based on the 2015 DECA Plan, the 
scope of DECAs was expanded, coastal control area and the inland river control area 
were established. In the inland river control area, stricter emission standards have 
been formulated, and requirements for the use of shore power have been proposed. 
3.2.1 Scope of 2018 DECA  
Based on the three control areas in 2015, the coastal control area has been extended 
to all ports in China. The scope is shown in Figure 6, and the control scope of Hainan 
waters is shown in Figure 7. 
The scope of the inland river control area is the navigable waters of the Yangtze 
River (Shuifu from Yunnan to Liuhekou in Jiangsu) (dark green waters in Figure 6) 
and the navigable waters of the Xijiang River (from Nanning, Guangxi to Zhaoqing, 




Figure 6- Geographic Scope of the 2018 DECAs  
Source: MoT China. (2018). Implementation Scheme of the Domestic Emission Control Areas 




Figure 7- Geographic Scope of the 2018 DECAs in Hainan Waters 
Source: MoT China. (2018). Implementation Scheme of the Domestic Emission Control Areas 
for Atmospheric Pollution from Vessels. Ministry of Transport, China, 2018. 
3.2.2 The Main Content of 2018 DECA Scheme 
The 2018 DECA Scheme requires ships entering coastal control areas from January 1, 
2019 use marine fuel oil with a sulfur content of not more than 0.5% m/m. Taking 
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into account the needs for the prevention and control of air pollution by ships in 
inland waters and the safety of ships’ navigation, the 2018 DECA Scheme improves 
the standards for entering the river by sea-going ships, and requires that sea-going 
ships entering the inland river DECAs from January 1, 2020 shall use fuel oil with a 
sulfur content of no more than 0.1%m/m. Starting from January 1, 2022, when ships 
enter the coastal waters of Hainan, they shall use fuel oil with a sulfur content of no 
more than 0.1%m/m. 
In terms of NOx emission control, the 2018 Plan proposes that the NOx emission 
limits specified in Annex VI of the MARPOL should be met according to the ship's 
construction date, diesel engine power, nationality of the ship, and international or 
domestic navigation ships. For example, each marine diesel engine with a power 
output of more than 130 kW installed on vessels engaged in international voyages 
constructed on and after 1 January 2011 or having the marine diesel engine that 
undergoes a major conversion should meet the Tier II requirements in MARPOL 
Annex VI. 
The 2018 DECA Scheme requires that Chinese public service vessels, inland 
waterway vessels (except tankers) and vessels engaged in direct voyages between the 
sea and the river built on and after January 1, 2019 should have onboard devices for 
the use of shore power. Chinese ships engaged in domestic costal voyage of a certain 
type and size built on and after January 1, 2020 should have onboard devices for the 
use of shore power. Starting from July 1, 2019, ships with onboard devices for the 
use of shore power are required to use the shore power when berthing at a berth with 
shore power supply capabilities inside the coastal DECAs for more than 3 hours, or 




It is worth mentioning that the 2018 DECA Scheme also proposes that from January 
1, 2021, cruise ships are required to take the lead in using shore power. By the end of 
2020, 9 of China’s existing 14 cruise berths will be capable of providing shore power. 
At present, there are 16 cruise ships operating normally with Chinese cruise ports as 
departure ports, none of which are equipped with onboard devices for the use of 
shore power, and they are all foreign ships owned by foreign companies. In this 
regard, the 2018 DECA Scheme proposes that  ships shalluse shore power to 
effectively enhance shore power use and reduce the emissions of air pollutants from 
ships. 
3.3 Implementation Effects China’s DECAs 
Starting from April 1, 2016, Shanghai Port, as the key port in the Yangtze River Delta, 
Zhoushan and Ningbo in Zhejiang, Suzhou and Nantong in Jiangsu, took the lead in 
implementing restrictive measures to force ships to use low sulfur content oil of no 
more than 0.5% during berthing. The Yangtze River Delta has become the only 
controlled area that is ahead of the requirements of the 2015 DECA Plan. Starting 
from January 1, 2017, key ports in the Bohai Rim region required ships within their 
jurisdiction to prohibit the use of fuel oil with a sulfur content of more than 0.5% 
during non-voyage periods, and to reinforce supervision and punishment of ships that 
violate the regulations (Ren, 2017). Starting from January 1, 2017, when ships berth 
at the core ports of the Pearl River Delta Waters DECA (except for one hour after 
berthing and one hour before departure), the sulfur content shall not be over 0.5%m/ 
m of fuel. At present, the core ports in the Pearl River Delta include Guangzhou Port, 
Zhuhai Port and Shenzhen Port. Shenzhen Port has implemented ship emission 
control since October 1, 2016 (Wu, 2017). 
According to estimates, after the implementation of the 2015 DECA Plan, in 2017, 
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ships in the three DECAs reduced SOx emissions by about 69,000 tons and PM by 
about 8,000 tons. The SOx and PM emission reductions accounted for 14% and 11% 
respectively of the total emissions from ships in the DECAs. In 2018, the emissions 
of SOx and PM from ships in the three DECAs were decreased by 33% and 22%, 
respectively. In 2019, ships reduced SOx emissions by about 600,000 tons and PM 
















CHAPTER 4 Comparative Analysis of ECAs and Countermeasures  
4.1 Comparative Analysis of ECAs  
4.1.1 Features of North American ECA 
On 26 May 2010, IMO revised MARPOL Annex VI, and designated certain parts of 
the waters of the United States, Canada and France as the North American ECA, 
which was officially launched on 1 August 2012. In terms of supervision measures, 
high frequency sampling inspection and fuel quality supervision are mainly adopted 
in North American ECA.  
1. Carry out high-frequency sampling inspection. 
Take the 2015 PSC Inspection Report issued by the United States Coast Guard 
(USCS) as an example (USCG, 2015). The number of foreign ships calling at the 
port was 73,752, and 17,920 were inspected. Compared with the 79091 foreign ships 
calling at the port in 2014, 17,794 were inspected (USCG, 2014)，the inspection ratio 
increased from 22.5% to 24.33%. Although it was a slow growth trend, it still 
maintained a high level of inspection overall. The high frequency of sampling 
inspection leads to a gradual reduction in the number of "non-compliance actions" 
taken by shipowners or ship operators, and gradually change to "compliance actions". 
The most immediate effect of this change is that the air quality in the ECAs has been 
significantly improved. 
2. Increase the intensity of punishment. 
Even if the inspection ratio is increased, the restricting effect on the ship owner or 
ship operator is still small if the punishment is not strengthened. Only at the same 
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time of increasing the sampling ratio, strengthening the intensity of punishment can 
play a deterrent effect. The "Ship Pollution Prevention Act" of the United States 
stipulates that violating ships will be fined up to US$40,000 per day (Feng & Zhu, 
2016). In January 2015, the U.S. Environmental Protection Agency formulated 
economic penalties for the excessive sulfur content of marine fuel in the North 
American Emission Control Areas, and the amount of fines was determined based on 
factors such as excessive sulfur content, number of violations, deliberate or negligent 
factors. On March 12, 2015, the US Coast Guard announced the non-economic 
punishment measures taken in the implementation process, which mainly stated that 
if a ship was suspected of violating regulations, the US Coast Guard had the right to 
detain the ship for investigation, which might cause more serious economic losses to 
the shipping company than fines (Dong & Dong, 2017). Therefore, shipping 
companies and ship owners generally believe that the North American Control Area 
is a very strict supervision, and ship violations rarely occur. 
3. Implement fuel quality control and supervision. 
In order to ensure that ships can buy compliant high-quality fuel in the United States, 
the US Environmental Protection Agency has adopted measures to inspect and 
supervise onshore fuel suppliers and develop a detailed fuel quality assurance plan. 
In December 2014, the U.S. Environmental Protection Agency issued the Guidelines 
for the Quality Supervision of Marine Fuels in Emission Control Areas (USEPA, 
2014), stipulating that importers or fuel refiners should use wavelength dispersive 
X-ray fluorescence spectrometry (ASTM D2622) to measure each batch of fuel. For 
the fuel oil transported to the ship, during the fuel oil loading period, the ship should 
take a sample and keep the sample onboard for at least one year. Through the quality 
supervision of the fuel supply process, both the source and the supply chain are 
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controlled, which effectively guarantees the quality of marine fuel. 
4.1.2 Features of EU Emission Control Area 
The MARPOL Annex VI revised by IMO designated the Baltic Sea and the North 
Sea, including the English Channel, as ECAs for ships, and they were officially 
implemented on May 19, 2006 and November 22, 2007, respectively. In terms of 
supervision measures, the European Emission Control Area has mainly adopted 
measures such as standardizing inspection procedures, increasing the rate of marine 
fuel oil sampling, adopting remote sensing monitoring technology, and encouraging 
ship owners to join emission reduction plans. 
1. Increase the sampling rate. 
Before 2015, the EU member states had a sampling frequency of about 0.1% of the 
fuel oil used by ships entering the ECAs, and it was found that most ships used 
high-sulfur content oil did not meet the emission standards, and the rate of ships 
operating in violation of regulations was higher (Cao & Dong, 2017). The European 
Union’s "Emissions Implementation Decision 2015/253" promulgated in February 
2015 stipulates the frequency of random inspections of marine fuel, that is: Inspected 
10% of the bunkering records and logbooks of ships arriving at the port. 40%, 30%, 
and 20% fuel sampling rates are adopted for ships whose routes are all within the 
scope of ECA, some within the scope of ECA, and none of them are within the scope 
of ECA, respectively. After the implementation of this regulation, the rate of ship 
violations has decreased significantly (Website, 2018). 
2. Establish a clear and complete supervision process. 
In order to conduct orderly and effective supervision of ships in the ECAs, EU 
32 
 
maritime officers strictly follow a standardized inspection process to implement 
supervision and inspection. The inspection process is divided into two steps 
(European MSA, 2015). The first is the preparation work before boarding the ship. 
Some information about the ship is obtained through the THETIS (The Hybrid 
European Targeting and Inspection System) data system, including the port of call, 
the time of arrival and departure, the type of fuel oil stored on the ship, etc. The use 
of any non-compliant bunker fuel in other sea areas or ports known from other 
member states or vessels that present risks and safety hazards shall be subject to 
inspection. The second is boarding inspection. After obtaining the above information, 
maritime officers board the ship for detailed inspection. First is the document 
inspection, and if no obvious non-compliance is found, alternative measures are 
checked. If the ship uses alternative measures to meet emission standards, it should 
also be verified that the ship has been approved for the use of alternative measures 
and that all burning machinery on board use alternative measures. If the officers find 
that the paperwork is incorrect or the ship fails to take alternative measures, the 
inspectors shall conduct a sampling and analysis of the fuel oil used by the ship to 
determine whether the sulfur content in the fuel oil meets the standard and take 
corresponding punishment measures. 
3. Adopt advanced monitoring technology. 
The European Union has long established ship ECAs and has continued to innovate 
in terms of monitor techniques. For example, the Danish MSA inspects ships 
entering the ECAs through advanced remote sensing monitoring technology. On the 
way between the Baltic Sea and the North Sea, there is an Øresund Bridge, with 
25-30 thousand ships passing by each year. In order to monitor whether these ships 
use low-sulfur oil, the Danish MSA installed remote sensing equipment on the tower 
33 
 
platform of the Øresund Bridge 25m above the water. As long as the flue gas emitted 
by the ship passes here, the remote sensing equipment can determine whether the 
ship uses low-sulfur fuel. Although this monitoring method has certain errors, by 
raising the detection standard, the ships suspected of illegal can be preliminarily 
locked, the inspection scope can be narrowed, and then the maritime law 
enforcement personnel can conduct detailed inspection on the screened ships (Xing, 
2016). When a ship is sailing here, it’s very likely to be inspected if it violates the 
law, thus eliminating the fluky psychology of the ship. Even if the shipowner knows 
that fixed remote sensing equipment is installed here, it is impossible to switch HFO 
to low-sulfur oil at any time. Therefore, this kind of supervision method is quite 
deterrent.    
In addition, the portable marine fuel content detection equipment technology adopted 
by the Dutch MSA is also very advanced. This equipment weighs only 2-3 kilograms, 
and it only takes 5 minutes to report the inspection results. Although this inspection 
method has a maximum error of 10%, if you want to inspect oil with a sulfur content 
of 0.1%, you can increase the standard by 10% and use 0.11% as the control line to 
achieve the purpose of detection. 
4. Establish a green shipping incentive plan 
In 2010, in order to reduce air pollution, the ports of Bremerhaven, Hamburg, 
Amsterdam and Rotterdam developed and implemented the Ship Environmental 
Index (ESI) program, which provides port fees or tonnage tax concessions for ships 
with small emissions and encourages shipowners to use high-quality fuel oil or adopt 
modified ships (Renilde, Feng & Zhu, 2018). The plan stipulates that ships that meet 
the current IMO standards have a score of zero, but ships that emit zero SOx and 
NOx have a score of 100. Ports participating in the plan can formulate corresponding 
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incentive measures based on actual conditions. For example, the Port of Rotterdam 
stipulates that the minimum qualifying score is 31 points, and ships that meet the 
minimum requirements can enjoy a 10% discount on gross tonnage. If the ship’s 
NOx emission individual score is no less than 31 points, it can enjoy a higher 
discount. The ESI incentive plan of some European ports is shown in Table 2. 
Table 2- Overview of ESI award schemes for some European ports 
Overview of ESI award schemes for some European ports 






Ocean-going vessels with an ESI score of no less than 31 can 
receive a 10% gross tonnage discount at the Port of Rotterdam. 
The Port of Rotterdam Authority determines the eligible ships 
that can receive the ESI discount at the end of each quarter. The 
conditions are as follows:  
1. The actual time of arrival (ATA) score of the ship shall not be 
less than 31 points; 
2. The ship will be anchored in the port during the quarter. 
Eligible ships can get a discount every time they call at the port 
during the quarter, and can get a discount for up to 20 berths 
per quarter. If the ship's ESI-Nox score is no less than 31 




The port implements a staggered discount scheme. The ESI 
score of ocean-going vessels shall be at least 20 points, and a 
maximum of 10% port tax discount can be obtained. The 
discount scheme is as follows: 
1.20 points ≤ ESI score <25 points = 0.5% discount, the 
maximum discount amount is 250 euros. 
2.25 points ≤  ESI score <35 points = 1% discount, the 
maximum discount amount is 500 euros. 
3.35 points ≤  ESI score <50 points = 5% discount, the 
maximum discount amount is 1,000 euros. 
4. ESI score> 50 points = 10% discount, the maximum discount 






Ocean-going ships with a score of 31-50 can get a 5% discount 
on tonnage fee; a score of 50.1-70 can get a 10% discount; a 
score of 70.1%-100 can get a 15% discount. As the port focuses 
on SOx-related PM emissions, in 2017, ships using closed-loop 
exhaust gas scrubbers or liquefied natural gas (LNG) can enjoy 
additional discounts of 10% and 5%, respectively. 
Source: ESI. (2016). ESI website www.environmentalshipindex.org. 2016. Edited by author. 
In addition, some countries have also implemented special incentive plans. For 
example, Norway began to levy NOX emission taxes in 2007 and set up NOX 
emission funds. Driven by the Emissions Fund, as of May 2017, a total of 106 ships 
in the world use LNG clean energy, and 115 ships have been ordered, of which 57 
are Norwegian ships. Between 2011 and 2017, NOx aftertreatment technologies such 
as SCR and selective non-catalytic reduction devices achieved a quarter of the 
emissions reduction results of the Norwegian maritime industry (Hoibye, 2014). In 
2008 and 2014, all NOx emission reached the standard. Norway's ability to achieve 
its 2020 NOx reduction target is largely due to the NOx Emission Tax and the NOx 
Emission Fund. 
4.1.3 Features of China's DECAs 
1. Procedures for the establishment of China's DECAs. 
The establishment of ECA recognized by IMO needs to be carried out in accordance 
with the provisions of Annex VI of the MARPOL Convention. The relevant State 
party shall propose the establishment of an ECA, explain the scope of the proposed 
ECA, assess the impact of ship emissions within the area on the health of residents 
and the environment and ecology, and analyze the necessity of establishing an ECA 




IMO conducts relevant assessments based on the information provided in the 
proposals, and establishes ECAs in the form of amendments to Annex VI of the 
MARPOL Convention. The amendments are reviewed, approved and entered into 
force in accordance with the requirements of the MARPOL Convention. The 
establishment of China's DECA is based on China's current Air Pollution Prevention 
and Control Law, and is completed by the formulation and regulatory documents of 
the Ministry of Transport. DECA's geographic scope, emission control requirements, 
etc., are independently determined by Chinese government, considering China's 
current requirements for improving environmental air quality, industry development 
requirements, and the feasibility of implementation. The establishment of DECAs led 
by the Chinese government is a political decision based on the feasibility study, and 
the establishment process is relatively short. 
2. Geographical scope of China's DECAs. 
The geographic scope of ECA recognized by IMO is not limited to the internal 
waters and territorial waters within the territory of coastal states, but can also be 
extended to exclusive economic zones within the territories of coastal states. For 
example, the North American ECA covers the exclusive economic zone outside the 
Atlantic coast of the United States, Canada, and Saint Pierre Miquelon in France, the 
exclusive economic zone outside the U.S. Gulf of Mexico, Hawaii, Maui, Oahu, and 
Molokai, Nihow, Kauai, Lanai, Kahoolawe and other exclusive economic zones off 
the coast of Hawaiian Islands. The geographical scope covered by China's DECAs is 
limited to internal waters and territorial waters within China's territory. 
3. Requirements of China's DECAs. 
IMO implements unified emission control requirements for ships sailing in ECA 
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through the "MARPOL Convention" Annex VI. For example, ships sailing in ECA 
shall use marine fuel oil with a maximum sulfur content of 0.1% from January 1, 
2015; Ships built on and after January 1, 2016 engaged in voyage of NOx ECA must 
meet the Tier III requirements. The emission control requirements of China’s DECAs 
are lower than those of ECA, and the upper limit of the sulfur content of fuel oil used 
by ships is required to be 0.5%. In addition, within the scope of DECAs, the 
implementation of the control requirements is carried out in stages and by regions: 
First, ships are required to use fuel oil with a sulfur content of 0.5% during berthing 
in core ports areas, and then ships are required to use fuel oil with a sulfur content of 
0.5% during berthing in all ports of DECAs, and finally, ships are required to use 
sulfur content of no more than 0.5% in all areas of DECAs.  
4.1.4 Existing Problems of China's DECAs  
1. The establishment of DECAs is suspected of conflicting with the United Nations 
Convention on the Law of the Sea (Hereinafter referred to as UNCLOS). 
China is a contracted state of UNCLOS. Article 17 of the UNCLOS stipulates that 
under the restrictions of this Convention, all countries, whether coastal or landlocked, 
have the right to pass the territorial sea innocently for their ships, that is, the right to 
pass innocently in the territorial sea. The obligations of the coastal state under Article 
24 of UNCLOS include that when any laws or regulations enacted in accordance 
with this Convention, the coastal state should not impose any requirements on 
foreign ships, the actual consequences of which are equal to denying or impairing the 
right to pass without harm. If, within the territorial waters beyond internal waters, 
ships engaged in international voyages are required to take measures to reduce the 
emissions of air pollutants outside of the unified requirements of IMO for ships, 
there is a suspicion of taking unilateral actions to affect the right to pass innocently in 
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the territorial waters (Peng, 2016). 
The establishment of DECAs is based on national laws, but the geographical scope 
covered by DECAs involves territorial waters. Ships engaged in international 
voyages, especially ships not sailing in the European Union and North America, may 
need to be modified and increase low-sulfur oil storage tank and corresponding fuel 
supple pipelines. These requirements impair its right to pass innocently in the 
territorial waters. However, whether this is suspected of unilateral action in law is 
worth studying. 
2. Failure to comply with the requirements of ECA recognized by IMO may increase 
the operating costs of shipping companies. 
At present, the control of ship SOx emissions is mainly achieved by controlling the 
sulfur content of marine fuel oil. Shipping companies shall not only meet the fuel 
sulfur content requirements of the shipping areas and the ports of call, but also 
minimize the ships’ operating costs. They need to have fuel oil with corresponding 
sulfur content on ships engaged in international voyages passing through different 
regions or calling at ports in different areas. In order to meet the control requirements 
of China's DECAs, when ships attached to European Union and North American 
ports, they need to enter China's DECAs, and an additional oil storage tank with a 
maximum sulfur content of 0.5% fuel oil needs to be added, which will increase the 
modification cost. Only shipping companies that do not hesitate to increase the 
operating costs of some ships and use fuel oil with a maximum sulfur content of 
0.1% can avoid the modification of an additional storage tank that stores another 
kind of fuel oil. However, in either case, it is inappropriate to increase the cost of 
shipping companies to meet the requirements of the policy to control the emission of 
air pollutants from ships (Peng, 2016). 
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3. The control requirements and effectiveness of China's DECAs are relatively low. 
In terms of SOx emissions control requirements, the international ECA requires the 
use of fuel with a sulfur content of not more than 1.00% m/m from July 1, 2010, and 
from January 1, 2015, the use of fuel with a sulfur content of not more than 0.10 % 
m/m of fuel. China’s DECA requires ships entering the coastal control area use 
marine fuel with a sulfur content of not more than 0.5% m/m from January 1, 2019. 
In terms of NOx emissions control requirements, the international NOx emissions 
control requires that marine diesel engines installed on ships built on and after 
January 1, 2016, when entering the ECA, NOx emissions should comply with the 
MARPOL Convention Annex VI Tier III standard specified in regulation 13. 
However, because China is a contracted state to the UNCLOS, China’s national laws 
cannot impose higher requirements on foreign ships sailing within China’s territorial 
waters than the MARPOL Convention’s NOx emission standards outside the ECA 
(Peng, 2018). Therefore, China's 2018 DECA Scheme has not mentioned the relevant 
requirements of the Tier III standards for foreign ships. 
4. There are still many challenges in the regulation of China's DECAs. 
The implementation of the DECAs in China is relatively late, and shipping 
companies and shipowners have no strong environmental awareness. In order to 
maximize their profits, shipping companies often do not actively comply with 
emission regulations. On the other hand, the maritime administration, as the main 
supervisor, still has some deficiencies in supervision experience, relevant technical 
means and the operational capabilities of law enforcement personnel, and it is 
difficult to ensure the effective implementation of the DECA policies. For example, 
during the period from April to August 2016, when the DECA policy was 
implemented, the Shanghai MSA conducted 1,441 law enforcement inspections, and 
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sent fuel oil samples for 161 inspections. A total of 56 violations related to the 
DECAs were investigated and dealt with, among which 15 cases were found that 
low-sulfur oil was not used in accordance with regulations during berthing（Xing, 
2016）. 
In addition, there are difficulties in the supervision in ship fuel circulation. There is 
no unified fuel quality report format, and the fuel testing report provided by each oil 
supplier to the vessel is of different quality. There are many types of fuel testing 
standards, and the standards are constantly revised and updated, which requires 
on-site law enforcement personnel to master the unified sulfur content requirements. 
However, maritime law enforcement officers are not professional fuel quality 
technicians after all, and it is difficult to make reasonable judgments on the ship’s oil 
quality reports. The lack of relevant knowledge often makes inspections a mere 
formality (Cen & Zhou, 2017). 
4.2 Suggestions on China's DECAs 
Through the study of some international supervision measures for emission control 
areas, the author believes that the supervision of the implementation of China's 
DECAs should be improved from the following aspects. 
4.2.1 Strengthen supervision and effectiveness 
The supervision of the competent authority can be enhanced from the following four 
points. One is to further increase the sampling rate of fuel oil and ships. Take 
Shanghai Port as an example. From April to October 2016, Shanghai Port inspected 
3277 ships arriving at the port. Among the random inspection, the fuel sampling was 
337, and the fuel sampling ratio was 10.3%，31 cases of illegal use of high-sulfur fuel 
were investigated，and the non-compliance rate is about 9.2%. The inspection rate is 
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still low compared with the ECAs in North America and Europe (Dong & Dong, 
2017). The second is to rely on information technology. Using UAV monitoring, 
shipboard monitoring, shore-based monitoring and other methods (Wang, Xu & Hu, 
2019), combined with advanced technologies and equipment such as remote sensing 
technology, mobile sniffing equipment, rapid monitoring equipment, etc., to quickly 
and efficiently investigate and deal with the key suspected ships, and improve the 
efficiency of supervision work, and strengthen the supervision of China’s DECAs. 
The third is to intensify the punishment. Learn from the experience of Europe and the 
United States to increase penalties for illegal use of non compliant fuel. According to 
the degree and frequency of violations of emission control requirements, implement 
stepped fines or corresponding penalties to increase the illegal costs of shipping 
companies and ships, and strengthen the deterrence of maritime supervision. The 
fourth is to improve the professional capabilities of maritime inspection officers. The 
classification and sampling of ship fuel is highly professional and technical. It is 
necessary to properly allocate law enforcement supervisors, vigorously promote the 
skill building of law enforcement teams, increase the training of law enforcement 
personnel on ECA, DECA related knowledge, theoretical knowledge and practical 
skills of fuel quality supervision and testing, and build a professional team that can 
adapt to the current new situation.  
4.2.2 Improve the ship fuel supply guarantee system 
Strengthen the supervision of fuel production, supply, sales, use and other links to 
ensure the availability of compliant fuel (Yan, Qiu & Hu, 2018). We can refer to the 
US Environmental Protection Agency's measures to strengthen fuel supply, formulate 
the corresponding oil quality assurance program or oil product supervision and 
management measures, strictly implement the standard of ordinary diesel oil and 
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marine fuel oil, strengthen the quality supervision of production and import links, 
and strengthen the source control (Ma, et al., 2017). The maritime administration, 
industry and commerce bureau, quality inspection department and other departments 
should strengthen coordination and establish information sharing and linkage 
mechanisms. Strengthen industry self-discipline, improve market access, standardize 
market services, severely crack down on counterfeit and shoddy, illegal production, 
sales and use of inferior marine oil products, and increase penalties. 
4.2.3 Propose incentive measures 
First, it is recommended to implement a subsidy policy. In order to encourage 
shipowners to actively adopt emission reduction measures, the government should 
give them corresponding subsidies. Taking into account the factors such as ship type, 
ship gross tonnage, fuel price difference with different sulfur content, additional cost 
burden on ships and so on, the subsidy coefficients for ships engaged in international 
voyages and ships engaged in domestic voyages are set to determine the actual 
subsidy amount. It is also possible to implement a fee reduction and exemption 
program to subsidize the corresponding port construction fees and pilotage fees for 
each voyage, and implement subsidy policies to encourage ships' use of low-sulfur 
oil. The second is to suggest that the core ports in China’s Yangtze River Delta region 
should join international plans such as the Environmental Ship Index (ESI) as soon 
as possible, and formulate different port fee discount rates. For example, a ship with 
an ESI score between 20 and 30 points will enjoy a 10% discount on port fees, with 
ECI score above 31 can enjoy a 20% discount. Through reduction and exemption of 
port fees, shipowners voluntarily take energy-saving and emission-reduction 
measures to solve the problem of ship emissions (Cao & Dong，2019). The third is to 
incorporate the shipping company’s compliance with ship emission regulations into 
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the comprehensive social credit and responsibility evaluation system, and set up a 
corresponding reward and punishment mechanism based on the shipping company’s 
evaluation scores, so as to increase the additional economic benefits and social 
benefits obtained by the shipping company when complying with the emission 
regulations (Jiang, Xue, & Li, 2018).  
4.2.4 Vigorously promote the use of clean energy 
China's 2018 DECA Scheme puts forward requirements for onboard devices and the 
use of shore power during berthing in port. China's Air Pollution Prevention and 
Control Law also stipulates that new terminals should be planned, designed, and 
constructed for shore power supply facilities. What we need to do now is to actively 
guide port enterprises to build shore power facilities and urge ships to use shore 
power, and give certain financial subsidies to stimulate the ship owners and ports to 
reduce emissions. 
4.2.5 Promote the establishment of ECAs recognized by IMO 
China's DECAs are established in accordance with China's national laws. Restricted 
by international conventions and international laws, it is difficult to effectively 
reduce the emission of air pollutants from ships, regardless of geographical scope or 
control requirements (Peng, 2018). Therefore, establishing an ECA recognized by 
IMO is an effective policy means to reduce ship emissions. However, the application 
for the establishment of an emission control area recognized by IMO needs to be 
reviewed, approved and entered into force in accordance with the requirements of the 
MARPOL Convention, which requires much more time. For example, it took 40 
months for the North American ECA to get approval, from March 2009 to its official 
implementation on August 1, 2012. Even if China applies now, it will spend a few 
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years. Therefore, it is necessary to apply for the establishment of an emission control 
area recognized by the IMO as soon as possible. 
4.3 Emission Reduction Measures for Shipping Companies 
The ECA policy has played a very important role in the control of harmful gas 
emissions and it is of great significance in protecting the environment and preventing 
air pollution. But the impact and influence on shipping industry will follow. The 
most direct manifestation is that it has greatly increased the operating costs of 
shipping companies, and at the same time has a profound impact on the global fuel 
supply market and shipbuilding industry. In order to cope with the above challenges, 
shipping companies have to choose to use low-sulfur oil, or clean energy, install 
desulfurization devices and other equivalent measures, or optimize the speed and 
route of ships according to the actual situation of the company. However, in the long 
run, using appropriate emission reduction technologies is the best choice to ensure 
the sustainable development of the shipping industry. 
4.3.1 The Impact of ECAs on The Shipping Market 
1. Ship operating costs have increased significantly. 
Considering that the use of low-sulfur oil will increase the operating costs of 
shipping companies by 20%-40% (Lahteenmaki, 2017), the biggest impact of ECAs 
on shipping companies is the substantial increase in fuel costs, which are important 
for operating costs component. In response to the new IMO regulations, ship owners 
generally choose to use low-sulfur oil in the short term. According to the oil 
supplier’s quotation in July 2017, the price of low-sulfur oil in the marine fuel 
market is 45% higher than that of ordinary marine fuel oil. For the shipowner, it is a 
big number. Even in 2020, affected by the COVID-19, the global shipping market 
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and oil prices continue to be sluggish, but the price difference between the price of 
low-sulfur oil and ordinary fuel oil is still more than 20% (Table 3). Once the 
epidemic goes stable and the global trade and shipping market gradually recovers, 
and considering the monopolistic factors of ship fuel supply market, the price of 
low-sulfur oil still has some room to rise in the future, and the price difference 
between low-sulfur oil and ordinary fuel oil will surely be further widened. 









Singapore 440 300 46.67% 
Hongkong 435 306 42.16% 
SEP., 2020 Singapore 311 259 20.08% 
Source: https://shipandbunker.com/prices. edited by author. 
If the shipowner chooses to install scrubbers or use LNG, it will have a huge upfront 
investment. The initial investment of the exhaust gas scrubber is more than 5 times 
the cost of low-sulfur fuel oil system modification, while the initial cost of using 
LNG is even higher. For shipowners who are currently in a downturn in the market 
and on a breakeven line, this is undoubtedly a great challenge. 
It is difficult and reluctant for shipping companies to bear the increasing costs of 
using low-sulfur fuel oil. It is also a reasonable choice for shipping companies to 
transfer the increased cost to shippers or other relevant parties, so it will inevitably 
lead to the increase of shipping freight. CMA CGM officially announced the new 
low-sulfur oil surcharge standards on October 9, 2019. For transportation contracts 
with a validity period of 3 months or less, starting from December 1, 2019, on the 
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basis of the existing ocean freight, a new monthly fee-Low Sulfur Surcharge (LSS) 
will be levied. For long-term contracts that are valid for more than 3 months, VLSFO 
will replace HSFO as the price reference for the quarterly Bunker Adjustment Factor 
(BAF) effective on January 1, 2020. On October 8, 2019, Shanghai Pan-Asia 
Shipping Co., Ltd. issued a notice that it will strictly follow the relevant national 
regulations. From November 1, 2019, the original domestic trade fuel surcharge will 
be adjusted and the charging standard will be increased (Cathy, 2019) 
2. Bring uncertainty to international ship fuel supply. 
The shipping market downturn has lasted for several years, and there is still a long 
way to get out of the market trough. In order to reduce operating costs, a large 
number of ships use heavy fuel oil with high sulfur content, and most of their engines 
are designed based on this quality. Once the oil quality changes, the parameters of 
the ship's engine must be adjusted, including the marine diesel engine fuel supply 
system, combustion device, fuel conversion device, etc., and it is also necessary to 
add low-sulfur fuel tanks and adjust pipelines. Shipping companies have to make 
tough choices about whether to use low-sulfur fuel, liquefied natural gas (LNG) or 
install exhaust gas cleaning systems (scrubbers) to meet budget-cost and 
emissions-control targets. The final choice of shipping companies will determine the 
future development of ship oil supply industry.  
In order to meet the possible substantial increase in the demand for low-sulfur fuel, 
ship fuel supply companies need to increase investment in the transformation of 
existing storage and barge facilities and pipelines to ensure that the various indicators 
of low-sulfur fuel are compliant, and try to achieve special storage and pipelines, 
which will inevitably bring about an increase in asset investment and pressure on 
storage turnover (Tian, 2017).  
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Faced with the uncertainties of shipping companies in choosing low-sulfur oil, LNG 
and exhaust gas cleaning systems, ship oil supply companies shall not only maintain 
the original resource supply channels, but also adapt to the needs of shipowners, and 
plan for LNG and other related facilities in advance. Once shipowners choose LNG 
as their power fuel in large numbers, the procurement methods, logistics models, fuel 
supply equipment, and pricing methods of the entire ship fuel supply company will 
also undergo subversive changes, and it will become a brand-new industry to meet 
the needs of the shipping industry. 
3. The shipbuilding and ship recycling market will undergo structural adjustments. 
The ECA policy and the comprehensive promotion of the low-sulfur oil policy after 
2020 will continue to affect the new shipbuilding market, and ship owners are 
increasingly interested in using alternative fuels. At present, the most viable 
alternative fuel is LNG. Its exhaust emissions contain very little NOx, Sox, PM, and 
CO2 emissions can be reduced by 20% compared to fuel oil. In the first half of 2018, 
the nine 22000TEU ultra-large container ships and twelve 14000TEU container ships 
ordered by CMA CGM were all powered by LNG (Tan Song et al., 2018). Clarksons 
statistics also show that from 2010 to 2016, the proportion of orders for electric 
propulsion vessels and LNG-powered vessels was 7-11% and 2-4%. From the 
beginning of 2017 to July, the proportion rapidly rose to 22% and 16% (as shown in 




Figure 8- The proportion of orders for electricity powered ships and LNG powered 
ships in new ship orders, from 2000 to 2017 
Source: Zhu & Zhou. (2017). Edited on base of Clarksons. How will shipping companies develop 
in the "Sulfur Limit Era"? https://www.sohu.com/a/158949382_673751, 2017 
In addition, with the decrease in the price of desulfurization equipment and the 
gradual optimization of stability, the installation of exhaust gas desulfurization 
devices on new ships is also a trend for new ships. Starting from January 1, 2021, the 
NOx emission control area will be expanded to the Baltic Sea and the North Sea. 
Shipowners need to consider corresponding countermeasures when building new 
ships. Existing technologies that currently meet IMO NOx Tier III emission 
requirements include: selective catalytic reduction (SCR) systems, exhaust gas 
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recirculation (EGR) devices, alternative fuels (such as LNG), etc.  
The above three technical methods have their pros and cons. The selective catalytic 
reduction system can be applied to most main engines, but it has the disadvantages of 
high cost, the main engine cannot effectively reduce NOx emissions when the main 
engine is under low load, and additional urea costs will be generated in the ECA area. 
The use of exhaust gas recirculation devices has the advantages of space saving, 
lower operating costs, and strong support from major main engine manufacturers, but 
it has disadvantages such as reducing combustion efficiency, and ships need to store 
alkali and ensure continuous supply. LNG is used as an alternative fuel, but methane 
is released when LNG is incompletely burned. The greenhouse gas effect of methane 
is nearly 30 times stronger than that of CO2, and the stability of LNG sources is also 
an issue that ship owners need to consider. 
To be sure, the use of clean energy in the future is imperative. Before clean energy 
technologies such as wind energy, solar energy, nuclear energy or hydrogen energy 
are fully mature, LNG will be a good transitional energy source, and the demand for 
LNG will continue to grow for a long time. In addition to fuel replacement, the 
improvement of the efficiency of the entire shipbuilding industry chain is also a 
future development trend. Smart ships based on cloud computing, Internet of Things 
(IoT), artificial intelligence and other technologies may be the options. The 
combination of the above factors will lead to structural adjustment of new ship orders 
(Tan, Fan & Qi, 2018). 
4.3.2 Countermeasures and emission reduction technologies for shipping 
companies 
In order to meet the emission control requirements for SOx in the ECAs, shipping 
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companies generally adopt three methods: fuel switching technology, use of liquefied 
natural gas (LNG) or choose to install an exhaust gas cleaning system. The measures 
to meet IMO NOx Tier III emission requirements mainly include selective catalytic 
reduction (SCR) systems, exhaust gas recirculation (EGR) devices, and alternative 
fuels (such as LNG). 
1. SOx emission control measures 
(1) Speed optimization of ECAs based on fuel switching technology 
In order to reduce the consumption of low-sulfur fuel, under the constraints of the 
ECA, the most common response at present is to use fuel switching technology. 
Ships use low-sulfur fuel oil to sail at a low speed in ECA, and use heavy fuel oil to 
sail at a high speed outside ECA to meet the schedule and saving low-sulfur fuel 
costs. Ships can also choose to avoid the ship's ECAs and change routes to minimize 
the consumption of low-sulfur fuel. 
According to Cubic Law as shown in the figure below (Figure 9), the ship's power is 
proportional to the cubic square of the ship's sailing speed, so there is a close 
relationship between the fuel consumption of the ship and the sailing speed. 
 
Figure 9- cubic Law  
Source: Nakazawa, T. (2019). Impact of Maritime Innovation and Technology. Unpublished 
lecture handout, Dalian Maritime University, Dalian, China, 2019. 
Cariou & Cheaitou (2012) have studied and verified the relationship between fuel 
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consumption and sailing speed by a large amount of numerical experiments. The 
improvement of sailing speed will greatly increase fuel consumption, so it is 
necessary to control the sailing speed. As fuel costs account for a large part of ship 
operating costs, the speed of ships has a significant impact on the total cost of ship 
operations (Wang & Meng, 2012). In order to maximize the operating income of 
shipping companies, it is necessary to differentiate the speed within and outside the 
sulfur ECA to reduce fuel consumption (Cariou et al, 2018). Cao & Dong (2019) 
obtained the best sailing speed in the ECA through calculation example analysis 
under the assumption that the voyage of container liner is stable and the sailing date 
is unchanged. At the same time, through a sensitive analysis of the price difference 
between low-sulfur fuel and HFO, it is concluded that the greater the price difference 
between the two fuels, the more the ship’s operating costs can be reduced by 
controlling the navigation speed within and outside the ECA, but the SO2 emissions 
of the entire voyage will increase to a certain extent. This method, to a certain extent, 
reduces the operating cost of ships and meets the emission requirements of ships in 
the ECA. However, due to the increased speed outside the ECA, more HFO is 
consumed, and CO2 and SO2 emissions in the whole operation process are slightly 
increased (Marjorie & Romuald, 2014).  
In general, lowering the sailing speed in the ECA to reduce costs, and increasing the 
speed outside of the ECA to ensure the schedule are the common methods adopted 
by the shipping companies. However, as all the countries pay more attention to 
environmental pollution caused by ship emissions, the ECA scope will become larger 
and larger, so the speed regulation of reducing the speed within the ECA and 
increasing the speed outside of the ECA will become weaker. Therefore, the use of 
appropriate emission reduction technologies is the main research and development 
direction in the future. 
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(2) Using exhaust gas cleaning technology (scrubber) 
The desulfurization devices currently in use can be divided into dry desulfurization 
method and wet desulfurization method. According to the difference of detergent, the 
wet desulfurization devices can also be divided into open loop seawater wet 
desulfurization system, closed loop freshwater wet desulfurization system and hybrid 
wet desulfurization system (Figure 10). All these systems have applications on ships. 
 
Figure 10- Classification of desulfurization equipment  
Source: Xindemarine. (2017). https://www.xindemarinenews.com/index.html. 2017. 
The basic working principle of dry desulfurization method is to use basic solid 
particles such as CaCo3, CaO, or Ca(OH)2 as an adsorbent to directly react with SOx 
for desulfurization. The effect of dry desulfurization technology can reach more than 
95%, and the technology is simple, no waste liquid is discharged during the 
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desulfurization process, and it will not cause secondary marine pollution. However, 
the volume and weight of the entire device is relatively large. Normally operating 
ships need to be modified before they can be used safely. Moreover, dry 
desulfurization technology requires a large amount of solid adsorbed particles. These 
particles need to be stored on board and take up a lot of ship space (Ralf Juergens, 
2013).  
The main principle of the open-loop seawater wet desulfurization technology (Figure 
11) is to mix the weakly alkaline seawater as a detergent with the SO2 in the exhaust 
gas in the scrubber to generate acid-base neutralization reaction to achieve exhaust 
gas desulfurization. Finally, the sulfate solution generated by the acid-base 
neutralization reaction is discharged into the sea after a certain treatment. 
 
Figure 11- Schematic diagram of open-loop seawater desulfurization device 
Source: Xindemarine. (2017). https://www.xindemarinenews.com/index.html. 2017. 
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The main working principle of the closed-loop freshwater wet desulfurization system 
(Figure 12) is to add the alkaline substance NaOH to the fresh water to obtain the 
scrubbing liquid, and make it react with the SOx in the ship's exhaust gas by 
acid-base neutralization to form salt to achieve exhaust gas desulfurization. The 
washing waste liquid produced after the desulfurization is stored on the ship or 
discharged into the sea after certain treatments. 
 
Figure 12- Schematic diagram of closed-loop freshwater desulfurization device 
Source: Xindemarine. (2017). https://www.xindemarinenews.com/index.html. 2017. 
Hybrid desulfurization technology refers to a desulfurization technology that 
integrates seawater wet desulfurization technology and freshwater wet 
desulfurization technology. The hybrid desulfurization technology can operate both 
the seawater open-loop wet desulfurization mode and the fresh water closed-loop 
desulfurization mode (Hansen, 2012). 
(3) LNG alternative fuel 
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Most of the exhaust gas emitted by ships is produced by the main engine and 
discharged into the atmosphere through exhaust gas turbochargers, exhaust gas mains, 
and exhaust gas boilers. Alternative fuel technology refers to the technology of 
replacing traditional marine fuel oil with clean energy such as liquefied natural gas 
(LNG), biofuel, and methanol, among which LNG fuel is used most widely. The use 
of LNG can reduce the emission of SOx by almost 100%, while also reducing the 
emission of other pollutants. According to statistics, LNG fuel technology can reduce 
85%-90% of NOx and 15%-20% of CO2 emissions. The emissions of SOx and PM 
are almost zero (Yang, 2016), which is fully in line with the convention and 
regulation requirements for SOx and NOx. In addition, compared with traditional 
marine diesel engines, dual-fuel diesel engines that use LNG as an alternative fuel 
can switch between fuel mode and gas mode at will within the power output range 
that meets the requirements, which is more flexible and convenient. 
However, the use of LNG as an alternative fuel also has the following problems: The 
first is that the transformation of an old ship using traditional diesel engines into a 
ship that can use LNG as an alternative fuel requires a higher initial investment. The 
second is that LNG are not easy to store. Special equipment and LNG storage 
compartments are needed, which reduces the cargo space of ships (Pannsiuk, et al., 
2013) and reduces profitability. The third is that the storage and use equipment of 
LNG is relatively complicated, which has a lot of workload and difficulties for ship 
crew. The fourth is that LNG fuels are usually transported and stored in liquid form, 
and due to the volatile and explosive characteristics of LNG, the safety requirements 
for ship transportation methods and equipment are relatively high (Brynolf, et al., 
2014). Fifth, the infrastructure for LNG bunkering of ships in most ports is not yet 
complete, resulting in poor continuous navigation capabilities of ships. 
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2. Nitrogen oxides control measures 
The main source of NOx emissions generated in marine diesel engines is the nitrogen 
in the air, and the factors that affect their generation are mainly combustion 
temperature, combustion time and the degree of premixing of fuel and air. To control 
NOx emissions, it can be carried out from two aspects of its generation mechanism 
and properties, which are generally divided into internal combustion control 
technology and external exhaust gas purification technology (Mao & Liang, 2012). 
Once a diesel engine is produced, the internal combustion control method cannot be 
changed. This section only discusses the external exhaust purification technology. 
Selective Catalytic Reduction (SCR) and Exhaust Gas Recirculation (EGR) are 
mainstream technologies for reducing NOx emissions from marine diesel engines to 
meet the requirements of IMO Tier III standards. Information about diesel engine 
manufacturers and technology suppliers using SCR technology and EGR technology 
are shown in Tables 4 and 5. 
Table 4- SCR Technology Company Information  
SCR Technology Company Information 
No. Diesel engine manufacturer SCR technology supplier 
1 Wartsila Haldor Topsoe 
2 MAN Johnson Matthey 
3 MTU Hitachi Zosen  
4 Mitsubishi Heavy Industry Nano  
5 Mitsui Dansk Teknologi  
6 Himsen Mecmar  
Source: Wu, et al. (2015). Technological Route choice for Marine Diesel Engine to Meet IMO 




Table 5- EGR Technology Company Information  
EGR technology company information 
Dieel Engine 
Manufacturer 
Diesel engine model Technology adopted 
Mitsubishi Heavy Industry 4UE-X3  Low pressure EGR system 
MAN  4T50ME-X 
Reducing the maximum peak 
temperature 
Hyundai 1L 32/44CR 
Combination technology of 
EGR and supercharged air 
humidification 
Wartsila -- WaCoReG 
Source: Wu, et al. (2015). Technological Route choice for Marine Diesel Engine to Meet IMO 
Tier III Emission Legislations. Ship Engineering, Vol. 37, No.8, 2015. edited by author. 
SCR is an exhaust after-treatment technology. In the process of selective catalytic 
reduction reaction, ammonia gas is used as reducing agent, and urea solution is 
sprayed into the exhaust pipe of special material to atomize into urea molecule 
particles. After the urea molecule is decomposed at high temperature by exhaust gas, 
NH3 is produced. Then NH3 and NOx are mixed in the reaction under the action of 
catalyst and reduced to nitrogen and water. This technology can also oxidize and 
remove part of the flue gas and hydrocarbons in the reactor without increasing fuel 
consumption and exhaust black smoke.  
EGR technology is a kind of engine pretreatment technology, which cools and cleans 
a part of the exhaust gas of the diesel engine, mixes it with fresh air and enters the 
cylinder for combustion. The reason why EGR can reduce the NOx concentration in 
the exhaust is that on the one hand, the exhaust gas discharged from the diesel engine 
circulates into the cylinder and significantly reduces the oxygen content in the 
cylinder before combustion; on the other hand, the exhaust gas discharged from the 
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diesel engine contains more water steam and CO2, their specific heat capacity is 
much larger than that of air, which also reduces the temperature that the combustion 
process can reach.  
4.3.3 Recommendations for the selection of emission reduction measures 
1. Suggestions for the selection of SOx reduction technologies 
(1) Scrubber is the most competitive SOx emissions reduction measure 
According to DNV GL's previous calculation based on the price difference between 
high and low sulfur oil at US$202 per ton, ships with scrubber usually recover the 
installation costs within one to two years, and the cost recovery period for ultra-large 
container ships is even less than one year. For ships that recover the cost of installing 
scrubbers, the remaining time is equivalent to "indirect money." If the liner company 
also imposes an additional low sulfur surcharge (LSS), it is equivalent to "making 
money directly", and installing a scrubber becomes a very competitive option. 
However, under the impact of the current "crude oil price war" and COVID-19 
epidemic, the difference between high and low sulfur oil prices has been greatly 
reduced, and the scrubber appears to be less attractive. This incident has made it 
more difficult for shipowners to choose between scrubber and low sulfur oil. 
However, from the perspective of low-sulfur oil production process, the price 
difference should exist for a long time. The question is at what level the price 
difference will be maintained with the improvement of the production process. 
(2) How to choose a suitable desulfurization tower 
The choice of scrubber should be determined according to different actual situations 
of ships. The open-loop scrubber is suitable for sea waters, with low cost and simple 
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structure. Its disadvantages are big energy consumption and marine environmental 
pollution. Many countries and ports restrict its use. Closed-loop desulfurization 
towers are more suitable for inland waters and ports. They are not affected by 
seawater alkalinity and cause no ocean pollution. The disadvantage is that the 
installation and operating costs are high. The hybrid desulfurization tower is a 
combination of the above two, which can switch the working modes flexibly, but the 
cost is high and the system is complicated. Data from DNV.GL shows that as of May 
2019, 3,275 ships have installed or confirmed the installation of scrubbers, of which 
80% are open-loop desulfurization towers and 18% are hybrid (Sun, 2020).  
The main factors that affect the selection of scrubbers are operating area, cost, and 
engine room layout. In open seas, the alkalinity is generally high, so seawater can be 
used in desulfurization devices. Open-loop scrubbers are applied based on this 
principle. However, there are also some regions in the world where the alkalinity is 
too low to use open-loop scrubbers, such as the Great Lakes region of the United 
States, the Port of St. Petersburg, and the Mississippi River. If ships have been 
operating in these places, a closed-loop freshwater desulfurization system will be the 
best choice. In terms of costs, capital costs, operating costs, and usual operability 
should be taken into consideration. The open-loop system consumes more water than 
the closed-loop system, so it consumes more energy. In a closed loop system, the 
consumed alkaline reagents and numerous equipment are also a considerable expense. 
Finally, the pipeline network and spatial layout of the engine room also have a great 
impact on the installation of desulfurization devices. Shipowners need to select one 
or more professional suppliers for evaluation and decide which one is the most 
suitable. 
2. Suggestions for the selection of NOx reduction technologies 
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(1) SCR and EGR technology comparison 
A report by the US Environmental Protection Agency took a medium-speed marine 
engine with an engine power of 18000kW as an example to calculate the installation 
cost of using EGR and SCR technology: EGR installation cost is shown in Table 6, 
SCR installation cost is shown in Table 7.  
Table 6- EGR system cost information  
EGR system cost table 
Item Detail Cost (USD) 
EGR equipment 
Total equipment and installation costs 136596 
Fixed cost 17889 
sewage tank Installation and equipment cost 435 
Total Cost 154920 
Source: Zhang et al. (2011). Technical measures for marine diesel engines to meet IMO Tier III 
emission regulations. Diesel Engine, Vol. 33 (2011) No.4. 
Table 7- EGR system cost information 
SCR system cost table 
Item Detail Cost (USD) 
SCR equipment 
Total equipment and installation costs 678303 
Fixed cost 22699 
Urea Tank Installation and equipment cost 2765 
Total Cost 703767 
Source: Zhang et al. (2011). Technical measures for marine diesel engines to meet IMO Tier III 
emission regulations. Diesel Engine, Vol. 33 (2011) No.4. 
Wartsila has also studied the relationship between the fuel consumption rates of 
different emission reduction technologies and emissions, and concluded that the 
61 
 
diesel engine using the SCR system has the smallest fuel consumption rate. Since the 
adoption of the SCR system can greatly reduce NOx emissions, after adopting the 
SCR system, proper internal optimization can be done to make combustion more 
fully and improve the fuel economy of the engine. Although this will slightly 
increase NOx emissions, but after SCR treatment, the emission requirements of the 
regulations can still be met. As far as EGR and SCR, the two technologies that can 
meet the Tier III standard, SCR technology has better fuel economy than EGR 
technology. 
EGR technology is sensitive to sulfur in fuel because exhaust of diesel engine needs 
be involved in cylinder combustion. SOx and water vapor formed after combustion 
will cause acid corrosion, which will lead to severe corrosion and wear inside the 
engine which is lethal to the engine. EGR equipment is required to be installed 
before the main engine supercharger, so the flexibility of installation arrangement is 
limited, and it is difficult to arrange at the side of the main engine. In addition, the 
working condition of EGR has a great impact on the supercharger, which requires 
extremely high reliability of the equipment. In addition, EGR technology is mainly 
aimed at high-power and low-speed diesel engines. For medium-high speed engines, 
EGR does not have advantages and is generally not used. The economy of selecting 
EGR technology for small power engine is not high (Yin & Wang, 2019). If the 
entire ship needs to meet the emission requirements of Tier III, if the main engine 
uses EGR, the prime engine of the generator set can only use LP-SCR. Such 
configuration will lead to low interchangeability of products and increase the 
workload of maintenance and management. Therefore, SCR technology is 
recommended for real ships. 
(2) How to choose the right SCR technology 
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SCR technology can be divided into high-pressure SCR (HP-SCR) and low-pressure 
SCR (LP-SCR). The main difference between them is that the HP-SCR is installed 
before the turbocharger, and the LP-SCR is installed after the turbocharger. The PM 
impurity in the exhaust gas can easily cause the catalyst surface to be clogged. 
Because the reactor unit of HP-SCR is arranged before the supercharger, once the 
catalyst layer fails or becomes dirty, the working efficiency of the supercharger will 
be directly affected, thus worsening the working condition of the main engine and 
bringing great safety risks. 
Due to the high exhaust temperature of the generator engine, it is more economical to 
use LP-SCR for the generator engine set. If the main engine chooses HP-SCR, the 
HP-SCR of the main engine and the LP-SCR of the generator engine set on the same 
ship are not conducive to the maintenance. Therefore, it is more ideal to use LP-SCR 
technology for NOx exhaust aftertreatment equipment for both main engine and 
generator engine set. LP-SCR is widely used in industrial fields such as power plants. 
The technology is mature and spare parts (such as catalysts) have a good industrial 
application foundation, which is easy to purchase and low in cost. The LP-SCR is 
installed after the turbocharger, which will not directly affect the operating conditions 
of the diesel engine, and the layout is extremely flexible. In summary, it is believed 
that the LP-SCR for ship exhaust emission control technology is the best choice. 
Considering the economy of navigation and the convenience of maintenance and 
management, after using the LP-SCR technology, a waste gas bypass arrangement 
can be adopted, that is, the main and auxiliary engine SCR systems are bypassed 
most of the time, and heavy oil is used. The exhaust gas generates steam through the 
exhaust gas boiler to achieve waste heat recovery and reduce the dirty blockage of 
the SCR reactor catalyst unit and ship operating costs. Before the ship enters the 
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ECAs, switch the fuel oil mode to the LP-SCR plus low-sulfur fuel oil operating 
mode to meet the SOx and NOx emission control requirements in the ECAs. At this 
time, the exhaust gas boiler is bypassed to prevent the escaped NH3 from corroding 

















CHAPTER 5 Summary and Conclusions 
In order to reduce pollution emissions from ships, IMO has established several ECAs 
around the world. China also established DECAs in 2015. The establishment of 
China's DECAs is relatively late, and there are still some problems in the legal 
framework and daily supervision of China. How to learn from the advanced 
experience of international ECAs in supervision and improve the implementation 
effect of China's DECAs is an urgent problem to be studied. For shipping companies, 
in the face of more and more ECAs and stricter emission reduction policies, it is 
obviously of great practical significance to choose the appropriate method among 
numerous management countermeasures and emission reduction technologies.  
Based on the comparative study of the international ECAs and the China’s DECAs, 
this paper analyzes the characteristics of China's ECAs in terms of establishment 
procedures, geographical scope and control requirements, and points out some 
problems and challenges in the legal framework, control requirements and daily 
supervisions of China's DECAs. This paper puts forward policy suggestions on 
China's DECAs from five aspects, such as strengthening supervision, proposing 
encouragement and incentive measures, and establishing IMO-recognized 
international ECAs. 
On the basis of study of the impact of ECAs on operation cost, fuel supply, 
ship-building market and other shipping related industries, the emission control 
countermeasures of SOX and NOX were analyzed. The open-loop seawater 
desulfurization unit and SCR technology are proposed as the best options for 
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